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ABSTRACT
Abstract of A doctoral project submitted to the faculty of the Medical University of
South Carolina in partial fulfillment of the requirements for the degree Doctor of
Health Administration in the College of Health Professions

Association of Speech Pathology or Occupational Therapy Utilization in NICU
Babies who have Feeding Disorders at Birth:
Do they have lower 12-month hospitalizations for failure to thrive?

By
Megan Richmond
Chairperson: Annie Simpson PhD
Committee:

Kit Simpson, DrPH
Brittany Hand, Ph.D.

Purpose:

Empirical investigation is needed to better understand how utilization of

speech pathology (SLP) and occupational therapy (OT) services are associated with
subsequent health outcomes in preterm infants with feeding disorders.

Method: Using logistic regression, we conducted a retrospective cohort analysis of
preterm babies with feeding disorders who received SLP or OT using 2013-2015
Medicaid administrative data provided via Truven MarketScan database. Covariates
included gender, race, birthweight, and length of stay. Outcome variables were any
hospitalization for failure to thrive (FTT) claims six to eighteen months after discharge
from the NICU.

vi

Results: Retrospective cohort analysis of 6,190 premature babies were analyzed; 54%
were boys, and 42% percent were white of non-Hispanic descent. Seven percent of the
babies with feeding disorders had a claim for any therapy. Ten percent of infants who
received therapy during the exposure period were hospitalized with a diagnosis code for
FTT.

Data analysis revealed premature infants with feeding disorders who received any

SLP or OT services were more likely to be hospitalized with a diagnosis of FTT (OR =
1.93 95% CI 1.33 – 2.76). Total eighteen-month mean costs were $52,538 for children
born premature with feeding disorders who received any therapy.

Conclusions:

In this publicly-insured sample of premature infants with feeding

disorders, receiving SLP or OT services increased the probability of hospital admission
for FTT. Findings may reflect a severely ill cohort of infants who received therapy
services. Further investigation is warranted to identify treatment protocols which can
prevent hospitalizations and reduce costs in this focalized population.

vii
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INTRODUCTION
Preterm birth is a global health concern due to lifelong comorbidities and
associated healthcare costs. Neonatal Intensive Care Units (NICUs) and successful
treatment protocols (i.e., widespread use of antenatal corticosteroids, a shift to less
intensive ventilator pressures, increasing use of continuous positive airway pressure,
newborn infant hearing screening, and follow up services, etc.) have increased viability
of premature babies nationwide over the past decade (Lawn, et al, 2013). Researchers are
starting to look at outcomes for this population. Literature reveals there is very little
information on outcomes for the neonatal population (Escobar, et al., 2002, Sices, et al.,
2007, and Vargas, et al., 2015). Empirical investigation is needed for clinicians involved
in the interdisciplinary practice of preterm babies for appropriate design of treatment
protocols to improve long-term health outcomes and coordinate efficient and effective
utilization of developmental care therapists and early intervention services. Efficient and
standard protocols may prove referrals following discharge from the NICU are needed to
decrease hospital readmission rates and/or the effects of comorbidities in this population.
Developmental care (DC) is a holistic, interdisciplinary methodology used to
minimize the stress of medically necessary interventions in the NICU environment and
promote individualized normal neurological, cognitive, and motor development (Byers,
2003; Symington and Pinelli, 2009, VandenBerg, 2007). DC incorporates an
interdisciplinary team of medical professionals who improve short- and long-term
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outcomes for premature babies (Ross, et al., 2017). Speech-language pathologists (SLPs)
and occupational therapists (OTs) are integral members of the interdisciplinary
developmental care team who provide interventions set goals to increase overall feeding
and swallowing skills.
Developmentally appropriate feeding skills may help with growth, as measured
by weight gain and head circumference (Vargas, et al., 2015). Studies highlight the
effectiveness of SLP interventions lead to better performance in oral feeding skills,
decrease hospital length-of-stay, and improve global development of the newborn
(Vargas, et al, 2015). Additionally, oral motor interventions provided prior to NICU
discharge specifically decrease length-of-stay by three days, yielding a two-billion-dollar
savings annually (Lessen, 2001).
Premature babies diagnosed with feeding disorders in the NICU often
demonstrate functional feeding skills which lead to adequate growth for hospital
discharge. Sometimes, their feeding skills remain suboptimal in comparison to full-term
infants (Thoyre, 2007). Ongoing therapy services with a SLP or OT may be
recommended following NICU discharge. If feeding therapy is not continued following
NICU discharge, the delay may lead to more significant developmental delays. Delays in
continuing feeding therapy services may cause challenges in growth, which may
subsequently lead to Failure to Thrive (FTT).
FTT is a widespread problem, accounting for one to five percent of pediatric
hospital admissions under two years of age (Sullivan, 2004). Opportunities to track and
manage FTT is possible through NICU follow-up clinics but may be precluded by high
variability in referrals, availability of NICU follow-up clinics, and availability of
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interprofessional teams. Poor management of these patients may lead to a variety of
long-term health, social, and financial burdens. Researchers may explore if these burdens
can be offset with evidence-based treatment protocols.
The researchers’ objective is to determine if there is a difference in admissions for
FTT between premature babies with Medicaid coverage who do and do not receive SLP
or OT consultations after NICU discharge. Researchers may also identify overall
healthcare costs for premature babies with feeding disorders who receive direct therapy
services. By identifying these factors, researchers are able to accomplish the following:
(1) determine if Medicaid-enrolled babies who are born prematurely receive SLP and/or
OT , (2) identify an association between SLP and OT in babies born prematurely, with
feeding disorders, who are admitted for FTT, (3) add to the body of knowledge about
health care utilization in babies born prematurely discharged from the NICU, (4) inform
interventions to improve health status and coordinate services post NICU discharge, (5)
identify protocols to prevent admissions for FTT, and (6) provide data on overall
associated costs in this specific population.
The specific research questions to be addressed are:
1) Do hospital admissions for FTT decrease if premature babies receive SLP or OT
following NICU discharge?
2) What is the total healthcare costs for premature babies with feeding disorders
readmitted for FTT?
Based on the role of the SLP and OT on the premature baby’s medical team, the
following hypotheses can be studied:
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Hypothesis H1. Babies born prematurely who receive speech pathology and/or
occupational therapy consultations after NICU discharge are less likely to be readmitted
to the hospital for failure to thrive.
Hypothesis H2. Babies born prematurely who receive SLP and/or OT
consultations for feeding difficulties after NICU discharge have lower 24-month costs
after birth.
The study population includes randomly selected infants born at 37 weeks or less,
post conceptual age, from multistate Medicaid claims data. The treatment cohort will
include infants discharged from the NICU who initiated SLP or OT services after
discharge with a feeding disorder diagnosis. The other cohort will include infants
discharged from the NICU who did not initiate SLP or OT services six to eighteen
months after discharge but were admitted to the hospital with a FTT diagnosis.
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REVIEW OF LITERATURE
Section I – Preterm Birth
Preterm birth is a public health issue, a worldwide problem, and causes a global
burden due to the related mortality rate and lifelong morbidities (Blencowe, et al., 1013;
Frey and Klebanoff, 2016; Platt, 2014). Globally, complications from preterm births
account for 35% of 3.1 million deaths per year and is the second-most common cause of
death for children under five years of age (Blencowe, et. al, 2013). In 2016, the Centers
for Disease Control (CDC) reported one in every ten infants are born prematurely (CDC,
2018). Based on Frey and Klebanoff’s (2016) classification of preterm births, 6.4% are
born very early, 10.5% are born early, 13% moderate and 70.1% are late term births.
Preterm births are declining due to decreases in teen pregnancies and decreased
scheduled obstetrics interventions (CDC, 2018; Platt, 2014). Preterm births cause longterm effects (i.e., learning disabilities, cerebral palsy, vision deficits, adult
noncommunicable diseases, etc.) on families, communities, and the health system (Lawn,
et al., 2013).
The World Health Organization (WHO) defines preterm birth as any delivery
before a baby is 37 weeks gestational age. Many reports offer a variety of subcategories
in defining prematurity. These categories are defined based on the number of completed
weeks of gestation (Tucker and McGuire, 2004). Tucker and McGuire (2004) and Platt
(2014) name three preterm categories including extremely preterm (22-27 weeks), very
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preterm (28-31 weeks), and preterm (32-36 weeks). Goldenberg and colleagues (2008)
report infants less than 28 weeks are extremely premature, 28-31 weeks as severely
premature, 32-33 weeks moderately premature, and 34-36 weeks as near term. Frey and
Klebanoff (2016) and Blencowe, et. al., (2013) also name four categories with
synonymous terminology including, very early (<28 weeks), early (28-31weeks, 6 days),
moderate (31 – 33 weeks, 6 days), and late preterm (34 – 36 weeks, 6 days).

In

summary, there are many ways to define prematurity. Discussion in this text will refer to
any birth under 37 weeks as premature.
In developed countries, the course of treatment begins with care in the NICU and
continues with early intervention services to improve neurodevelopmental outcomes.
Economic costs of preterm infants are vast due to the advancements in neonatal care (i.e.,
neonatal intensive care units, surfactant agents, and maternal steroids) and ongoing longterm interventions (i.e., vision clinics; developmental follow-up clinics; outpatient
therapy for fine motor, gross motor, speech-language, and/or feeding development). In
the United States, babies born between 28 to 31 weeks gestation cost $95,000 in the first
year of life (Lawn et al, 2013).
Outcomes for infants born prematurely have improved due to advances in
neonatal care in developed countries. There is an inverse relationship between
gestational age and morbidity; the earlier an infant is born, the more severe his/her
morbidity may be. Moderate to late preterm infants present with higher morbidities (Platt,
2014). Infants born after 32 weeks gestation may present with outcomes similar to term
infants (Tucker and McGuire, 2004). However, preterm babies often present with
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breathing problems, feeding difficulties, cerebral palsy, developmental delays, vision
problems, and hearing problems (CDC, 2018).

Section II – Low Birth Weight
Discussion about prematurity must include information on low birth weight
babies (LBWB). Birthweight and gestational age are highly correlated, with most of very
low birth weight infants being born prematurely. However, literature cautions using LBW
and prematurity interchangeably (Blencowe, et al., 2013; Lau, et al., 22013; Tucker and
McGuire, 2004). Due to geographical and ethnic differences, birthweight may over
estimate preterm birth and researchers must consider there are normal ranges of
birthweights for specific gestational ages (Blencowe, et al., 2013).
LBW is defined as babies weighing less than 2,500 grams (5 pounds, 8 ounces).
The subcategories of birthweight are: (1) very low birthweight (VLBW), defined as
babies born weighing less than 1,500 grams (3 pounds, 5 ounces) (Children’s Hospital of
Philadelphia, 2017), and (2) extremely low birth weight (ELBS) infants, defined as those
born with a weight less than 1000 grams (2 pounds, 3 ounces) (Subramanian, K., 2014).
The World Health Organization reports a global prevalence of LBW at 15.5%.
Similar to most developed countries, the United States’ prevalence is lower (Tucker and
McGuire, 2004). The Centers of Disease Control reports LBW is observed in 8.07% of
births in the United States (CDC, 2015). VLBW is lower at 1.40% of all births.
LBW warrants further discussion exclusive from gestational age for many
reasons. The United States has experienced an increase in babies born with birth weights
less than 3500 grams (Subramanian, 2014). Birthweight is a strong indicator of a
newborn’s chances of survival and opportunity to experience healthy growth and
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development (Keram and Aljohani, 2016). It is directly related to immediate health and
long-term development and wellbeing (Keram and Aljohani, 2016). Babies born with
LBW are also at a higher risk for mortality and morbidities and are more susceptible to
complications of premature births immediately following birth and post discharge from
the NICU (Lawn et al, 2013; Subramanian, K., 2014).
The treatment course for infants born with LBW is similar to those born
prematurely. Neonatal intensive care is considered a significant variable which leads to
positive impacts on developmental outcomes for babies born with LBW (Keram and
Aljohani, 2016). LBW is also considered a global economic burden, similar to preterm
birth. Estimates report costs exceeding $26 billion dollars for medical care, early
intervention, and loss of productivity due to life-long disabling conditions.

Section III - Feeding Disorders
Research about neurodevelopmental outcomes for premature babies often focuses
on cognitive, physical (i.e., cerebral palsy), or sensory (i.e., blindness or hearing
impairment) deficits (Platt, 2014; Subramanian, 2014; Vohr, 2014). Some researchers
are beginning to examine other focalized developmental outcomes, including feeding
(Children’s Hospital of Philadelphia, 2017). Premature babies may grow up with
challenges which impair functioning and the ability to complete activities of daily living
(ADLs) (Kleinert, 2017). Prematurity may be a risk factor for pediatric oral feeding
disorders, as LBW babies often have a harder time gaining weight and progressing
toward oral feedings while in the NICU (Thoyre, 2007). These challenges may persist
beyond NICU discharge as children attempt to transition to their families’ diet (Thoyre,
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2007). Further, feeding disorders can have subsequent effects on cognitive, physical,
sensory, emotional, and social skills, due to the possibility of nutritional deficiencies
(Thoyre, 2007).
This text poses questions related to feeding disorders as an outcome of premature
birth. The prevalence of feeding disorders varies based on clinical identification versus
parent report. Feeding disorders are present in ten percent of premature infants (Jacherla,
2016). Among premature infants with very low birth weight, the prevalence increases to
24.5% (Jacherla, 2016). Researchers report up to 80% of NICU graduates present with
feeding concerns during infancy (Borowitz and Borowitz, 2018; Jacherla, 2016). In
children with a medically complex history, the incidence of feeding disorders is 40% to
70% (Marshall, Hill, Wallace, and Dodrill, 2018).
Feeding disorders are complex with a variety of causes. Identifying a specific
definition is challenging because of the various causes and variety of professionals which
may diagnose and treat feeding disorders (Kleinert, 2017, Thoyre, 2007). Based on
available literature, feeding disorders in children are best described as deviations in
progression toward functional oral intake which may be due to deficits in sensory, motor,
or behavioral skills, which results in decreased ability to safely accept and process a
variety of tastes and textures (Kleinert, 2017; Thoyre, 2007). In infants, feeding
problems are often characterized by poor integrative coordination of sucking,
swallowing, and breathing (Wrotniak, Stelttler, and Medoff-Cooper, 2009). Infant and
pediatric feeding disorders may be inclusive or exclusive of dysphagia – a swallowing
disorder characterized by inability to move food safely through the oral cavity, pharynx,
and esophagus toward the gastrointestinal tract. While some children’s feeding issues
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may be a result of poor pharyngeal swallowing skills, other children may experience
feeding disorders with pharyngeal swallowing skills within functional limits. It is
important to understand that prematurity-related pediatric oral feeding disorders often
differ from adult-acquired swallowing disorders due to the complexity of the populations’
medical background (Kleinert, 2017). In infancy, feeding problems may present as
inability to latch (on mother’s and/or bottle nipple), delayed initiation of suck, poor lip
closure/seal on nipple, poor tongue and jaw movement or rhythm, poor extraction of
bolus, delayed initiation of swallow, gagging, or arching. Like pharyngeal swallowing
disorders, infants may also present with wet gurgly breathing, coughing while feeding,
nasopharyngeal regurgitations, obstruction of flow, penetration and/or aspiration
(Jacherla, 2016). Infant feeding is also plagued by the infants’ ability to coordinate
breathing during suck and swallow cycles. Failure to coordinate breathing results in
apnea, bradycardia, and oxygen saturations, which further place the infant at risk for
aspiration and the poor ability to maintain needed energy to complete an oral feeding.
Maturing feeding skills play a significant role in a premature infant’s
development. Often, infants are not discharged from a NICU until they present with safe
and efficient oral feeding skills adequate to gain weight (Jacherla, 2016). Feeding
specialists (speech-language pathologists (SLPs) and occupational therapists (OTs))
begin using evidence-based strategies to support progress toward oral feeding when
premature infants are less than 32-34 weeks. Feeding specialists begin providing
sensory-motor stimulation and facilitation of nonnutritive sucking typically when the
infant demonstrates an engaged, awake, and alert state, or at a nursing-defined care time.
These methods help infants progress from tube feedings to oral feedings and may also
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decrease length of stay (Rocha, et al., 2007). When an infant eats, the length of the
feeding may cause the infant to burn more calories. If the infant is an inefficient oral
feeder, an oral feeding greater than twenty minutes may hinder progress toward needed
weight gain for discharge. Extremely premature infants with LBW take longer to feed
orally because of their oral motor coordination, respiration, and decreased ability to
control the flow of milk (Wrotniak, Stettler, and Medoff-Cooper, 2008). This places
these infants at an increased risk for ongoing nutritional and feeding problems which
persist beyond NICU discharge (Wrotniak, Stettler, and Medoff-Cooper, 2008). The
multidisciplinary feeding team - SLP, OT, nutritionist, gastroenterologist (GI),
neonatologist, and parent - works to identify and assess the best nipple, position, or
evidence-based therapeutic modifications by following the infant’s cues to help the infant
grow.
When infants are not able to feed orally, alternative nutrition methods such as
gastronomy tubes (G-tube) or Jejunum tubes (J-tube) may be used to support oral feeding
efforts and discharge a patient from the NICU. However, the placement of G- or J-tubes
presents with increased healthcare costs, increased rates of infections, and correlates with
increased severity of neurodevelopment and cognitive disorders (Jacherla, 2016; Jacherla,
et al, 2017). In contrast, aiming to discharge an infant on oral feedings and referring to a
feeding management program, early intervention services, or outpatient therapy post
discharge allows infants to avert G-tube placement by 51% and may yield $2.1 million
dollars health care savings over the first year of life for a NICU graduate (Jacherla,
2016).
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At discharge, premature infants often present with functional feeding skills, which
allow for consistent weight gain. Often these skills are functional but suboptimal and
continue to require specialized attention to decrease the chances of long-term feeding
problems (Thoyre, 2007). The infant is stable enough to not warrant intensive care
services at discharge but does not present with oral-motor coordination equivalent to that
of a term infant.
In neurotypically developing children, infants begin feeding at birth and progress
toward adult like chewing of various textures and independent feeding by the age of
three. Many complications of prematurity can cause feeding problems which persists
from infancy into childhood (Thoyre, 2018). Causes of feeding disorders often create a
disruption in typical feeding developmental milestones. This causes an ongoing struggle
for premature babies post discharge and challenges for families in the early years postdischarge (Thoyre, 2007).
Feeding disorders continue beyond the medical interventions or conditions which
may have exacerbated them (Marshall, et al, 2018). They are classified in diverse ways
based on the professionals (i.e., behaviorists versus developmentalists) describing them.
Kleinert (2017) states that pediatric feeding disorders may be due to structural differences
and anomalies, neurologic and neurodevelopmental disorders, or sensory and behavioral
based food aversions. Structural differences (i.e., cleft lip, cleft palate, micrognathia,
ankyloglossia, etc.) may cause a feeding disorder because the structures inhibit functional
motor skills in the oral-pharyngeal area to transfer milk or process developmentally
appropriate textures (Kleinert, 2017). Neurological and neurodevelopmental disorders
(i.e., cerebral palsy), may impact coordination and movement of muscles needed to feed
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and swallow (Kleinert, 2017). These disorders may also cause problems with low or high
muscle tone which is needed for adequate feeding skills. Sensory and behavioral food
aversions are often characterized by an infant or toddler’s inability to tolerate touch or
textures in the mouth. The child may also experience problems with processing a certain
taste, texture, or color of food. Sensory and behavioral problems may lead to complete
food refusals.
A discussion about feeding disorders in children must include the role of the
gastroenterology (GI) system. Gastroesophageal reflux disease (GERD), slow motility,
constipation, low/high tone, etc., are all significant factors which are primary or
underlying causes of any of the previous mentioned categories of feeding disorders.
Unfortunately, the feeding team may not be able to identify if a structural difference
causes a sensory aversion, or if a neurologic issue is the cause of the GI problem which
leads to a behavioral feeding aversion. Professionals are strongly encouraged to
remember feeding disorders are complex and multifactorial (Borowitz and Borowitz,
2018). Despite the cause of the disorder, all categorizations yield poor nutrition and poor
weight gain which impacts outcomes (Kleinert, 2017).
The complexity of feeding disorders supports the need of a personalized,
multidisciplinary or interprofessional treatment approach (Kleinert, 2017; Marshall, et al.,
2018). Management of feeding disorders in premature infants is essential. The goal of
any feeding intervention is to assure the child can achieve developmentally appropriate
feeding skills through infant- or child-led positive experiences to ensure safety and
appropriate nutrition to grow (Borowitz and Borowitz, 2018). Therapy services begin in
the NICU with learning to feed orally. After discharge, the focus shifts to making a full

14
transition to the family’s diet (Thoyre, 2007).

However, poor feeding skills, which

inhibit a full transition to table foods, are associated with failure to thrive (Jacherla,
2016). A way to prevent a complication related to failure to thrive is early intervention
services with goals to target feeding development (Thoyre, 2007).

Section IV - Failure to Thrive
Preterm infants with poor feeding skills may present with symptoms consistent
with Failure to Thrive (FTT). LBW and prematurity are two risk factors for FTT
(Homan, 2016). FTT may also be referred to as growth failure or weight faltering
(Homan, 2016; Sices, et al, 2007). Childhood FTT is a group of symptoms characterized
by inadequate weight gain over a period and weight below the 5th percentile for corrected
age (Homan, 2016; Shah, 2002). FTT is often identified in children under 24 months old.
Poor growth attainment in preterm infants may be due to intrauterine growth failure, poor
neonatal nutrition, and other sequelae related to prematurity (Sices, et al, 2007).
However, beyond the neonatal period and after discharge from the NICU, preterm infants
often fail to catch up in growth (Sices, et al., 2007).
FTT presents with a variety of definitions and classifications which makes a true
report of incidence and prevalence difficult for the researcher. FTT may be identified in
up to 10% of children presenting in primary care settings and 5% of children (under the
age of two) who are hospitalized (Homan, 2007; Sullivan, 2004). The prevalence for
preterm infants ranges from 16% to 33% (Sices, et al., 2007). In the ELBW population,
FTT is 40% prevalent (Sices, et al., 2007).

15
FTT is frequently classified as organic or nonorganic. Nonorganic FTT does not
have an identifiable cause. Homan (2016) divides organic FTT into three probable
causes: inadequate caloric intake, inadequate nutrient absorption, and increased
metabolism. All causes may be present in the LBW population due to their complex
medical history. Inadequate caloric intake due to GERD, poor feeding habits, inadequate
breast milk supply, and poor oral-motor coordination are often reasons why infants and
toddlers with feeding problems present with symptoms consistent with FTT (Homan,
2016).
Often, FTT is managed by the pediatrician. Research encourages the use of a
multidisciplinary team – which includes a SLP and OT- to address the complexity of FTT
(Homan, 2016; Shah, 2002). In rare occasions or when outpatient interventions have
failed, hospitalization is warranted. Hospitalization is often optimal for newborns,
especially LBW babies due to their complex medical history (Homan, 2016). It also
provides intensive observation and education on underlying feeding skills when
specialists are included (Homan, 2016). If oral-motor/feeding problems are a cause of
FTT, and treated appropriately, the risk of relapse is decreased (Homan, 2016). Children
must maintain accelerated growth rates from four to nine months for symptoms
associated with FTT to resolve.

Section V – Developmental Care
Infants born prematurely present with morbidities which may be related to one or
more prenatal, perinatal, or postnatal factors. How early the infant was born, and
immature neurological and organ development further complicates these morbidities.
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The NICU and other medical interventions have proven to be essential and effective in
decreasing mortality rates and morbidities in premature and LBW infants (VandenBerg,
2007). The quality of care received by infants in the NICU impacts the morbidities, lifelong healthcare costs, and quality of life (Byers, 2003). However, researchers report
further induced trauma and poor neurodevelopmental outcomes from routine medical
care employed within the NICU (Waitzman, 2016).

Each medical intervention in the

NICU increases infants’ exposure to environmental stimulus which may positively or
negatively affect an infant’s neural pathways (Symington, A. and Pinelli, J., 2009;
Waitzman, 2016). Developmental care may offset negative environmental stimulus.
Developmental care is relevant to a discussion regarding prematurity and feeding skills
because it asserts the origin and why SLPs and OTs are integral to the interdisciplinary
treatment team.
Developmental care is a holistic, interdisciplinary intervention used to minimize
the stress of the NICU environment and promote individualized normal neurological,
cognitive, and motor development (Byers, 2003; Symington and Pinelli, 2009,
VandenBerg, 2007). Some literature only mentions developmental care as a treatment
approach used primarily in the NICU. It is common for developmental care to be
initiated in the NICU with continuous employment of is components and elements
spanning into early intervention plans of care (Kenner & McGrath, 2010). Therefore, in
literature, a variety of terms are used interchangeably and synonymously. These terms
include: neurodevelopmental supportive care (NDSC), developmental supportive care
(DSC), and developmental care (DC) (Lubbe, Van der Walt, and Klopper, 2012). This
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text will use developmental care (DC) to highlight interventions for premature babies
through early intervention services.
The term DC is initially cited in the mid 1980’s in relation to the Synactive
Theory of Development proposed by the developmental psychologist, Heidelise Als,
Ph.D. The Synactive Theory assumes infants actively and consistently communicate
their threshold of sensitivity when exposed to environmental stimuli (VandenBerg, 2007
– or cite Als, 1982). Dr. Als also created the Neonatal Individualized Developmental
Care and Assessment Program (NIDCAP). The NIDCAP is a comprehensive assessment
and program which allows a developmental specialist to observe behaviors in a preterm
infant and develop a multidisciplinary plan which will help the infant mature
(VandeBerg, 2007, Kenner and McGrath, 2010). A NIDCAP observation yields a report
which educates and supports all caregivers (medical team and parents) in understanding
infant behavior and communication (Kenner and McGrath, 2010). This allows the infant
to become an active participant in the course of his/her treatment in a NICU (Kenner and
McGrath, - or Als 199). Assessment and implementation of the NIDCAP requires
exclusive training, credentialing and licensing which may not be an option for NICUs
with limited resources, NICUs in lower socio-economic communities, and/or NICUs
included within a general or adult acute care hospital. The approach to provide
individualized DC, similar to NIDCAP recommendations, with the infant guiding the
team, yielded the DC approach which has become a benchmark to decide how effective
medical neonatal teams are (Symmington and Pinelli, 2009; VandenBerg, 2007).
DC may be described as “fragmented,” “comprehensive,” and “broad” because it
includes a variety of elements, single interventions, and professionals (Lubbe, Van der
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Walt, and Klopper, 2012; Symington and Pinelli, 2009). Unfortunately, literature
searches do not present a consistent set of components included in DC. Some researchers
limit DC to positioning, clustering of nursery care activities, modifications of external
stimuli, and individualized DC interventions (Symington and Pinelli, 2009). Some NICU
care providers are taught DC includes eight strategies (Byers, 2003). These strategies
are: management of the environment – decreased noise and visual stimulation; flexed
positioning; clustering of routine care; nonnutritive sucking; kangaroo care; cobedding of
multiples; other activities that promote self-regulation and state regulation; and
collaboration with parents and promoting infant and caregiver bonding (Byers, 2003).
According to an integrative literature review, Lubbe (2012) and colleagues identified
forty-two elements of developmental care. They clustered these elements into nine
categories which include feeding methods, knowledge of infant development,
requirements of NICU design, individualized care, family centered care philosophy,
positioning, handling techniques and transition (out of a bed) support, management of
external environment, and management of pain (Lobbe, Van der Walt, and Klopper,
2012). The variety of elements supports the need for an interdisciplinary approach to
DC.
The interprofessional team may vary in each NICU. However, based on previous
text which highlights the variety of components of DC, one cannot deny the need for a
team of skilled professionals who may initiate care in the NICU and transition services to
the same professionals after discharge in an outpatient and/or early intervention setting.
The team of DC professionals must be skilled in understanding development beyond the
premature and low-birth weight population. The interprofessional team may include a
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neonatologist, physician assistant, nurse practitioner, physical therapist (PT), OT, SLP,
child life specialist, social worker, lactation consultant, nutritionist, and/or psychologist
(Barbosa, 2013, Lipner and Huron, 2018). Barbosa (2013) highlights, “Regionalization
of perinatal services in the 1970s promoted the initiation and expansion of developmental
services for newborns and incorporated developmentally supportive care practices and
the services of rehabilitation professionals as integral aspects of the multidisciplinary
team in the NICU (p. 5).” Barbosa (2013) further divides the NICU team into three
groups: medical, developmental, and support team. For the purpose of this text, the
writer will focus on the role of rehabilitation professionals as developmentalist. However,
this term is not synonymous with DC specialists with formal training in the
administration and implementation of the NIDCAP.
Developmentalists (i.e., PT, OT, SLP) collaborate closely with other NICU team
members to provide cluster care which helps the infant progress toward developmentally
appropriate fine motor, gross motor, sensory regulation, feeding, and communication
skills. Rehabilitation developmentalists join the NICU team via referral or standing order
based on the needs of the patient (Barbosa, 2013). While some may think the
collaboration and consultation of developmentalists does not employ medically necessary
interventions for critically-ill preterm infants, evidence supports the effectiveness of
developmental interventions in the NICU to offset trauma associated with routine care
(Barbosa, 2013; Waitzman, 2015). Services provided by PT, OT, and SLPs also support
the elements of DC. Roles may overlap depending on the setting. For example, PTs and
OTs bring knowledge of motor systems, contained movement, and splinting which
support optimal positioning. Another example includes the skilled knowledge OTs and
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SLPs offer related to state regulation, non-nutritive sucking, and feeding readiness cues to
support oral motor skills. Many examples can be discussed further with a formal
discussion of utilization of SLP and OT services in the NICU. DC has afforded the care
for preterm and LBW infants to move from medically-oriented NICUs to
developmentally-oriented family and community-based early intervention systems which
may improve outcomes (Barbosa, 2013).
A Cochrane review summarizes randomized control trials revealing “some
benefits” of DC (Symington and Pinelli, 2009). Due to the numerous components of DC,
researchers often look at one, or just a few components (Byers, 2003, Symington and
Pinelli, 2009, VandenBerg, 2007). However, findings often present with limitations or
are considered weak (Symington and Pinelli, 2009). Literature offers a variety of
questions and future research implications to highlight the evidence of short-term and
long-term outcomes of DC.

Section VI – Defining the roles of the Speech-Language Pathology &
Occupational Therapy for feeding/swallowing disorders in NICU & post
discharge/Early Intervention
As successful medical interventions to increase viability are implemented in
NICUs nationwide, researchers begin to look at outcomes for this population. Seventyfour percent of LBW babies demonstrate atypical skills in functional outcomes at the age
of five (Ross, et al., 2017). Evidence-based interdisciplinary treatment models (i.e.,
DC/therapy) and early intervention (EI) are cited as approaches to decrease morbidities in
infants born prematurely. These treatment models may improve short- and long-term
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outcomes for neonates (Ross, et al., 2017). The American Academy of Pediatrics (AAP)
has established guidelines of neonatal therapists being a part of the Level III and Level
IV NICU teams (Ross, et al., 2017). The AAP specifically requires an OT or PT (Ross,
et al., 2017). However, many articles encourage the utilization of SLPs, OTs, and PTs as
a part of the multidisciplinary team (Ross, et al, 2017; Nwabara, et al., 2017; Lipner,
2018). To highlight the use of SLPs and OTs in the management of preterm infants/LBW
babies, one must understand the role of the OT and SLP. A further discussion on current
trends in the utilization of these professions in the NICU through EI further defines their
impact on decreasing morbidities or rehospitalizations for premature infants/LBW babies.
The American Speech-Language Hearing Association (ASHA) states, “The
overall objective of SLP services is to optimize individuals' abilities to communicate and
to swallow, thereby improving quality of life (ASHA, 2016).” SLPs provide assessment
and treatment services to individuals with a wide variety of speech, language, and
swallowing differences and disorders in the form of advocacy, outreach, supervision,
education, administration/leadership, research, or direct care that range in function from
completely intact to completely compromised (ASHA, 2016). Speech-language
pathologists are nationally certified to provide services to neonates through geriatric
populations.
When a SLP initiates services with a premature infant in the NICU, the SLP may
work as a part of the team to provide developmental care or habilitative services which
support milestone development. After discharge from the NICU, services may be
referred to as EI. Both DC and EI services are also classified as preventative care. “The
goal of prevention activities is to reduce the risk or mitigate the effects of risk factors on
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a child's development so as to prevent future problems and promote the necessary
conditions for healthy development (ASHA, 2008).” Therefore, the utilization of SLP
services for premature babies reduces the severity of related morbidities and improves
neurodevelopmental outcomes. In the NICU, the SLP works to aid in the succession
toward the nutritive sucking process and provides education for maturation levels for
nutritive sucking with bottle and breastfeeding. The SLP establishes a treatment plan for
the development of safe feeding and swallowing skills to train parents and caregivers
during the process (ASHA, 2004; Garcia, Garcia, & Garcia, 2013).” More specifically,
SLPs and OTs use interventions in the NICU to increase oral motor coordination.
Developmentally appropriate oral motor skills may help with growth (as measured by
weight gain and head circumference) (Vargas, et al., 2015). Studies point out the
effectiveness of SLP interventions which lead to better performance in oral feeding skills,
decreases hospital length-of-stay, and increases global development of the newborn
(Vargas, et al, 2015). SLP intervention is often a necessity and benefit during the
neonatal period to ensure proper growth and a neuropsychomotor development in babies
with LBW to decrease future readmissions (Vargas, et al, 2015).
“The SLP is uniquely qualified to provide services to families and their children
who are at risk for developing, or who already demonstrate, delays or disabilities
in language-related play and symbolic behaviors, communication, language,
speech, emergent literacy, and/or feeding and swallowing behavior. In providing
these services, the SLP may participate in the following primary functions: (a)
prevention; (b) screening, evaluation, and assessment; (c) planning,
implementing, and monitoring intervention; (d) consultation with and education
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of team members, including families and other professionals; (e) service
coordination; (f) transition planning; (g) advocacy; and (h) awareness and
advancement of the knowledge base in early intervention (ASHA, 2008)”

While SLP and OT services may overlap, both professions have unique skills
which are provided in the NICU through early intervention services. The American
Occupational Therapy Association says, “Occupational therapy is the only profession that
helps people across the lifespan to do the things they want and need to do through the
therapeutic use of daily activities (occupations). OT practitioners enable people of all
ages to live life to its fullest by helping them promote health, and prevent—or live better
with—injury, illness, or disability (AOTA, 2018).”
“Common OT interventions include helping children with disabilities to
participate fully in school and social situations, helping people recovering from
injury to regain skills, and providing supports for older adults experiencing
physical and cognitive changes. OT services typically include: an individualized
evaluation, during which the client/family and occupational therapist determine
the person’s goals,
customized intervention to improve the person’s ability to perform daily activities
and reach the goals, and an outcomes evaluation to ensure that the goals are being
met and/or make changes to the intervention plan (AOTA, 2018).”
OT practitioners have a holistic perspective, in which the focus is on adapting the
environment and/or task to fit the person (AOTA, 2018). Similarly, in the NICU, OTs
focus on assessment and monitoring the sensory-processing abilities of neonates (Davis,
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et al, 2010). Occupational therapists working with infants born prematurely are grounded
in normal systems development and variations of feeding, neuromotor, sensory, and
attachment systems that are common cornerstones of therapeutic NICU care (Tanta and
Langton, 2010).
The American Occupational Therapy Association (AOTA) states:
“OT’s domain of concern, encompassing the inter-action among the biological,
developmental, and psychosocial aspects of human function as expressed in daily
activities and occupations, makes it particularly suited to address the needs of the
developing infant and family. The unique OT method of activity analysis and
adaptation to achieve a functional outcome is valuable in improving the match
between the infant’s capabilities and the physical and social environment (AOTA,
2010, p. 641).
In summary, the OT and SLP are developmental or rehabilitation professionals
who work in concert to identify and treat feeding and swallowing disorders in children.
The SLP evaluates and treats oral function and the child’s ability to handle ageappropriate diet, looks for signs and symptoms of dysphagia, and determines if
instrumental evaluation of the pharyngeal swallow is needed (Borowitz and Borowitz,
2018). The OT’s role is essential in assessing and treating fine motor developmental,
self-feeding skills, and sensory processing skills for feeding (Borowitz and Borowitz,
2018).
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Section VII - Early Intervention
Preterm infants may receive continuing therapy services after NICU discharge
through a variety of service delivery models (Nwabara, Rogers, Inder, & Pineda, 2017).
Infants may continue services in a home-based setting or through an outpatient setting
(i.e, pediatric rehabilitation affiliated with hospitals and/or prevent practice). While
literature may segregate the settings, both are considered EI services. EI services may
serve as an extension of the NICU for preterm infants because it is a model of
interdisciplinary coordination of care to aid preterm infants’ growth and development
(Davis et al., 2010). EI services are best defined through the Individuals with Disabilities
Education Act (IDEA). IDEA is an American federal public law, which ensures free
public education to individuals with developmental, medical, or mental disabilities. This
legislation consists of four parts. The third part - Part C - allocates services for families
and children from birth to three – also known as EI services (APA, 2011).
Externally the history of IDEA may appear to focus on education policy.
However, the provisions for funding for Part C reveal legislation to promote independent
living via suggested sources such as Medicaid (APA, 2011). Part C of IDEA states:
--It is the policy of the United States to provide financial assistance to States-(1) to develop and implement a statewide, comprehensive, coordinated,
multidisciplinary, interagency system that provides EI services for infants and toddlers
with disabilities and their families;
(2) to facilitate the coordination of payment for EI services from Federal, State,
local, and private sources (including public and private insurance coverage);
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(3) to enhance State capacity to provide quality EI services and expand and
improve existing EI services being provided to infants and toddlers with disabilities and
their families; and
(4) to encourage States to expand opportunities for children under three years of
age who would be at risk of having substantial developmental delay if they did not
receive EI services. (IDEA, Sec 631, 2011).
For the purpose of this study, EI is used as a general term to refer to
developmental or preventative services provided to preterm infants after discharge from a
NICU from birth to three years of age. However, the federally mandated program of EI
is not limited to preterm infants. Eligibility for EI services may be mandated federally
but is partly determined by the state (Davis, Sweeney, Turnage-Carrier, and Rector,
2010). Additionally, EI services and qualifications differ from state-to-state. Each
state’s guidelines and resources further define the robustness and provision of services.
EI services may include services for developmental delays as decided by assessments in
cognitive development, gross motor development, communication, social or emotional
development, fine motor skills, adaptive development, or feeding skills which cause a
developmental delay (Davis et al., 2013). Children who are born prematurely typically
qualify for EI services because of their medical history. However, they typically present
with diagnosis which qualify them for services and are deemed “at risk” for
developmental delays (Davis et al., 2013)
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Section VIII – Clinical Pathways and Utilization of Speech-Language Pathology
& Occupational Therapy for feeding/swallowing disorders in NICU through Early
Intervention
Findings reveal a standard of care to refer for OT and SLP services in the NICU
(Nwabara, et al., 2016). Often the referrals come directly from the attending
neonatologist or neonatal nurse based on if an infant is medically stable or
developmentally ready for direct intervention. The services of OTs and SLPs in the
NICU may overlap as it relates to feeding. Ross, et al. (2017), named four overlapping
services including: behavioral organization, feeding, oral motor, and handling provided
by OTs and SLPs. These four service areas are not representative of all NICUs in the
United States but, offers a model of how these two professions complement each other to
address feeding and/or swallowing in the NICU. The audience is also reminded there is
limited data which offers national neonatal therapy use in NICUs (Ross, et al., 2017).
SLPs and OTs may serve an active role on the NICU team prior to initiating direct
services by educating nursing staff and/or family on a variety of interventions. On
average, SLPs and OTs may begin monitoring an infant’s feeding readiness cues at 32
weeks and determine if an infant is ready to begin oral feedings based on physiologic
stability, neurodevelopmental maturity, and the medical team’s observation and approval
after 34 weeks gestation. Direct services will continue through discharge. Ross and
colleagues’ research identified a need for therapy services from 30 weeks to 46 weeks
post conceptual age (Ross, et al., 2017). In her study, 100% of infants in a level IV
NICU warranted OT services and 51% were identified for SLP services (Ross et al.,
2017). In Ross’ study, SLPs were identified as working primarily with infants and
families on oral-motor, feeding, and swallowing concerns. OTs were also consulted for
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these services in addition to range of motion, positioning, and handling. Therefore, the
higher number of patients is a representation of increased services provided by the OT.
Additionally, SLPs often do not start direct services until after 34 weeks in contrast to
OTs beginning to address positioning or handling at an earlier gestational age.
After discharge, there are different pathways to initiate EI therapy services
(Nwabara et al, 2017). Patients may be referred directly by the NICU team, managed
care may transition to the NICU follow-up team who makes referrals, primary care
physicians may make referrals, or parents may self-refer through the state EI program.
However, researchers have identified very low rates of early therapy utilization post
discharge (Nwabara, et al.).
Research on utilization of SLP and OT services for preterm infants is limited and
contradictory. Existing literature is limited in terms of geographic diversity, scientific
rigor, and sample size (Nwabara, et al., 2016; Shapiro-Mendoza, et al., 2013; Ross, et al,
2017). There is conflicting literature showing some children with Medicaid are less
likely to access EI (Nwabara, et al., 2017). In contrast, other studies reveal that children
with Medicaid are more likely to initiate services than those with private insurance
(Nwabara, et al., 2017). Shapiro-Mendoza et al., (2013) found OT and SLP services are
most frequently used during EI in contrast to other developmental care services (i.e, PT),
literature has identified there are gaps in utilizing OT and SLP following discharge from
the NICU (Nwabara et al., 2017). One study revealed a lack of utilization up to two years
of age (Nwabara, et al., 2017). A large gap in utilizing EI therapy services may occur at a
time when foundational skills are needed to set a stage for optimal outcomes and/or to
prevent rehospitalization (Nwabara, et al, 2017). The delay in therapy services may lead
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to more significant developmental delays which further contributes to the global burden
of prematurity.

Section IX – Conclusion
Preterm births are a global health concern because of the increased risk of
mortality and life-long morbidities. LBW babies are a significant subset of the preterm
birth population. Research continues to investigate morbidities related to preterm births
including feeding disorders. Pediatric feeding disorders may include deficits in an
infant’s or child’s ability to safely progress toward oral feeding which can support overall
physical and cognitive growth. Significant feeding disorders may lead to failure to
thrive.
Developmental care is a treatment methodology which may decrease the severity
of developmental delays secondary to prematurity. DC interventionists, such as SLPs
and OTs, are two critical parts of the medical team which may follow a patient from the
NICU through an EI setting. These professionals develop treatment plans to address
feeding deficits. Evidence-based therapy services provided by SLPs and OTs may
decrease morbidities and the long-term costs associated with prematurity or prevent
hospital readmission for disorders related to prematurity (i.e., failure to thrive). Ongoing
research is warranted to establish protocols for the utilization of SLP and OT services to
decrease morbidities and costs related to prematurity.
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METHODOLOGY
Section 1 - Study Design and Hypotheses
A retrospective inception cohort of neonates, using archival data, was proposed to
analyze readmission for failure to thrive. The primary aim for the study was to measure
the association between the use of speech-language pathology (SLP) and occupational
therapy (OT) treatments for feeding disorders after Neonatal Intensive Care Unit (NICU)
discharge and readmission for failure to thrive (FTT) in premature babies with Medicaid.
The secondary aim of the study was to compare cost for neonates with and without use of
SLP and OT.
The research hypotheses were designed to explore changes in outcomes in
premature babies discharged from the NICU and to determine whether treatments for
SLP and OT services, to treat feeding disorders, was associated with reduced risk of
hospital admission for failure to thrive or decrease overall costs associated with
prematurity up to 18 months after birth. The timeline is illustrated in Figure 1.1.
Figure 1.1 – Study Timeline
Measurements:

Birth Admission:
Baby born prematurely
admitted to NICU for
>24 hours

Treatment:
Any ST/OT intervention
billed between one to
six months following
discharge from NICU

1. Hospital admission
with FTT in any primary
or secondary diagnosis
within six to eighteen
months after discharge
from NICU
2. Total healthcare cost
from birth up to
eighteen months after
discharge
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Hypothesis H1. Premature babies with feeding disorders who receive SLP and/or
OT one to six months after NICU discharge, are less likely to be readmitted to the
hospital for FTT at six to eighteen months post NICU discharge.
Hypothesis H2. Premature babies who receive SLP and/or OT services for feeding
difficulties one to six months after NICU discharge have lower total healthcare costs
from birth admission up to 18 months after birth.

Section 2 - Population and Sample
Researchers used existing archival, de-identified data obtained from Truven
Health MarketScan® for Medicaid babies born in 2013 through 2015. Due to the use of
de-identified data, this study is identified as non-human research by the Medical
University of South Carolina (MUSC) Institutional Review Board (IRB).
Infants may not be enrolled in Medicaid until after a specific length of time in the
NICU as identified by state health plans. Therefore, the study population reflects infants
admitted to the NICU for greater than 24 hours under the Severity Diagnosis Related
Group (DRG) 791 – prematurity with major problems - and enrolled in Medicaid from
greater than seven days, with continuous enrollment in Medicaid through 24 months. To
be included in the study, (1) infants must be born prematurely at less than 37 weeks postconceptual gestational age (Table 1.1), (2) with a NICU admission greater than 24 hours
based on the DRG related to prematurity and (3) have a diagnoses of feeding
problems/disorders or dysphagia (Table, 1.1). Table 1.1 gives related diagnostic codes
based on the International Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM).
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Table 1.1 – Study Population Diagnostic Codes
Diagnosis
Less than 24 weeks completed gestation
24 completed weeks of gestation
25-26 completed weeks of gestation
27-28 completed weeks of gestations
29-30 completed weeks of gestation
31-32 completed weeks of gestations
33-34 completed weeks of gestations
35-36 completed weeks of gestation

ICD-9 CM code
765.21
765.22
765.23
765.24
765.25
765.26
765.27
765.28

Failure to thrive in child over 28 days
Failure to thrive in newborn

783.41
779.34

Feeding problem in infant over 28 days/
Feeding difficulties and mismanagement
Feeding problem in newborn
Dysphagia, oral phase
Dysphagia, oropharyngeal phase

783.3

Diagnosis-Related Group - Premature with Major
Problems

791

779.31
787.21
787.22

Exclusion criteria were used to further refine the sample population. Patients with
diagnosis of FTT as newborns, fetal growth retardation, small for gestational age, or
birthweights less than 999 grams were excluded. Researchers also excluded Medicaid
capitated patients. Discharges to long term care facilities were excluded. Figure 1.2
further highlights identification of inclusion and exclusion criteria.
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Figure 1.2

MarketScan Database
1. Babies born @ <37 weeks gestation
2. NICU admission >24 hours
3. Babies Diagnosed with Feeding Disorders

Exclude (hospitalization):
779.34 - Failure to thrive
in newborn
764.9 - Fetal growth
retardation

Babies who receive
ST, OT in OP setting
up to six months
from discharge
from NICU

765.01 - brithweight less
than 500 grams

Babies who do not
recieve ST, OT in OP

Babies who were admitted from 6 months
to 18 months after discharge from the
NICU with any primary or secondary
diagnosis for failure to thrive (783.41)

Overall Cost

765.02 - birthweight 500749 grams

765.03 - birthweight 750999 grams
Discharged to long-term
care facitility
Medicaid capitated
individuals
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Section 3 - Definition of Variables
The main outcomes for this study were admission rates for FTT and total
healthcare costs. The treatment variable was any treatment for SLP or OT in the first six
months after initial hospitalization. Treatments were defined using Current Procedural
Terminology (CPT) codes. The CPT codes used for the treatment cohort are listed in
Table 1.2.
Table 1.2
Billed Therapy Services

CPT code

Occupational Therapy Therapeutic Activity

97530

Occupational Therapy Neuromuscular reeducation of movement, balance,
coordination, kinesthetic sense, posture, and proprioception

97112

Occupational Therapy Therapeutic Exercise

97110

Speech-Language Pathology and Occupational Therapy Treatment of
swallowing dysfunction and/or oral function for feeding

92526

Sensory integrative techniques to enhance sensory processing and promote
adaptive responses to environmental demands

97533

Evaluation of oral and pharyngeal swallowing function

92610

Flexible fiberoptic endoscopic evaluation of swallowing by cine or video
recording (FEES)

92612

Treatment of speech, language, voice, communication, and/or auditory
processing disorder; individual

92507

Other patient specific independent variables may include birth weight (Table 1.3), length
of stay, race, and gender.
Table 1.3
Diagnosis – Light for date/Low birthweight
1,000 – 1,249 grams
1,250 – 1,499 grams
1,500 – 1,749 grams
1,750 – 1,999 grams
2,000 – 2,499 grams

ICD-9 code
764.4
764.5
764.6
764.7
764.8
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Literature reveals the NICU population presents with a variety of comorbidities.
This study is novel in its attempts to identify outcomes of infants specifically with
feeding related disorders. Literature and clinical observations will support a wide
variance in physical and neurological development of this population which may or may
not impact feeding skills. Therefore, researchers did not control for comorbidities
typically cited in studies which take a more global look at premature babies.

Section 4 - Data Set Description
Truven Health MarketScan offers a variety of databases of patient-specific
clinical
utilization, expenditures, and enrollment across inpatient and outpatient, services for
health services researchers (Hansen & Chang, 2011; Truven, 2015). The large claims
data sets include information on over 43.6 million private and state insured individuals
(Hansen, 2017). The substantial number of individuals represented yields a nationally
representative sample and affords health services researchers opportunities to identify
cohort sizes sufficient for statistical analysis throughout a continuum of care (Hansen,
2017). MarketScan data meets requirements for Health Insurance Portability and
Accountability Act of 1996 (HIPAA). Therefore, the data sets identify individuals with
an enrollee identifier (Hansen, 2017). Most databases include standard demographic
variables (Hansen & Chang, 2011).
MarketScan may be considered a family of data sets with multiple sources
(Hansen, 2017). With this data, MarketScan allows healthcare researchers to analyze
disease conditions, costs, utilization of services, outcomes for diseases and other
economic variables (Hansen, 2017).
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Section 5 - Data Analysis
Descriptive statistics was used to describe the differences in the baseline
characteristics of babies with and without early SLP/OT therapy use. Categorical data
was expressed as the percentage and frequency of occurrence and differences tested using
chi-square tests. Continuous data was estimated using means and standard deviations and
tested using two sample t-tests.
A multiple logistic regression was used to estimate the association between early
SLP/OT therapy use and readmission for FTT while controlling for baseline
characteristics. Effect sizes for hypothesis 1 was reported as adjusted odds ratios.
Cost differences was estimated using Generalized Linear Models (GLMM) with a
Gamma distribution and a log link. Effect size for hypothesis 2 will be expressed as
adjusted direct billing costs in real 2013-2015 dollars.
Baseline characteristics will be used to control for confounders. All potential
confounders will be tested in each full model and will be removed one at a time until a
parsimonious model is fit. Each confounder will be judged for inclusion in the model
using the Akaike Information Criterion (AIC), p-value, and beta estimate change in the
primary independent variable. Goodness of model fit will be tested with the appropriate
statistical test depending on the Regression model being performed. P-values will be
considered statistically significant at α≤0.05 and all analyses will be performed using
SPSS or SAS statistical software.
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Association of Speech Pathology or Occupational Therapy Utilization in NICU Babies
Who Have Feeding Disorders at Birth: Do they have lower 12-month hospitalizations for
failure to thrive?

Megan Richmond, MS, Doctoral Candidate, Medical University of South Carolina
Brittany Hand, Ph.D., OTR/L, The Ohio State University
Kit Simpson, DPH, Medical University of South Carolina
Annie Simpson, Ph.D., Medical University of South Carolina

Purpose: Empirical investigation is needed to better understand how utilization of speech
pathology (SLP) and occupational therapy (OT) services are associated with subsequent
health outcomes in preterm infants with feeding disorders.
Method: Using logistic regression, we conducted a retrospective cohort analysis of
preterm babies with feeding disorders who received SLP or OT using 2013-2015
Medicaid administrative data provided via Truven MarketScan database. Covariates
included gender, race, birthweight, and length of stay. Outcome variables were any
hospitalization for failure to thrive (FTT) claims six to eighteen months after discharge
from the NICU.
Results: Retrospective cohort analysis of 6,190 premature babies were analyzed; 54%
were boys, and 42% percent were white of non-Hispanic descent. Seven percent of the
babies with feeding disorders had a claim for any therapy. Ten percent of infants who
received therapy during the exposure period were hospitalized with a diagnosis code for
FTT. Data analysis revealed premature infants with feeding disorders who received any
SLP or OT services were more likely to be hospitalized with a diagnosis of FTT (OR =
1.93 95% CI 1.33 – 2.76). Total eighteen-month mean costs were $52,538 for children
born premature with feeding disorders who received any therapy.
Conclusions: In this publicly-insured sample of premature infants with feeding disorders,
receiving SLP or OT services increased the probability of hospital admission for FTT.
Findings may reflect a severely ill cohort of infants who received therapy services.
Further investigation is warranted to identify treatment protocols which can prevent
hospitalizations and reduce costs in this focalized population.

Introduction
Preterm birth is a public health issue, a worldwide problem, and causes a global
burden due to the related mortality rate and lifelong morbidities (Blencowe, et al., 1013;
Frey and Klebanoff, 2016; Platt, 2014). The World Health Organization (WHO) defines
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preterm birth as any delivery before a baby is 37 weeks gestational age. Globally,
complications from preterm births account for 35% of 3.1 million deaths per year and are
the second-most common cause of death for children under five years of age (Blencowe,
et. al, 2013). In 2016, the Centers for Disease Control (CDC) reported one in every ten
infants are born prematurely (CDC, 2018). Preterm births may cause long-term effects
including breathing problems, feeding difficulties, cerebral palsy, developmental delays,
vision problems, and hearing problems, which have an impact on families, communities,
and the health system (Lawn, et al., 2013).
In developed countries, the course of treatment for preterm infants begins with
care in the NICU and continues with early intervention services to improve
neurodevelopmental outcomes. Economic costs of preterm infants are vast due to the
advancements in neonatal care (i.e., neonatal intensive care units, surfactant agents, and
maternal

steroids)

and ongoing long-term

interventions

(i.e.,

vision clinics;

developmental follow-up clinics; outpatient therapy for fine motor, gross motor, speechlanguage, and/or feeding development). In the United States, babies born between 28 to
31 weeks gestation cost $95,000 in the first year of life (Lawn et al, 2013).
Research about neurodevelopmental outcomes for premature babies often focuses
on cognitive, physical (i.e., cerebral palsy), or sensory (i.e., blindness or hearing
impairment) deficits (Platt, 2014; Subramanian, 2014; Vohr, 2014). Some researchers,
however, are beginning to examine other focalized developmental outcomes, including
feeding (Children’s Hospital of Philadelphia, 2017).

Prematurity may be a risk factor

for pediatric oral feeding disorders, because low birthweight (LBW) babies often have a
harder time gaining weight and progressing toward oral feedings while in the NICU
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(Thoyre, 2007). These challenges may persist beyond NICU discharge as the children
attempt to transition to their families’ diet (Thoyre, 2007). Further, feeding disorders can
have subsequent effects on cognitive, physical, sensory, emotional, and social skills, due
to the possibility of nutritional deficiencies (Thoyre, 2007). At NICU discharge,
premature infants often present with functional feeding skills, that allow for consistent
weight gain. Often, these skills are functional, but suboptimal, and continue to require
specialized attention to decrease the chances of long-term feeding problems (Thoyre,
2007).

At discharge, infants are often stable enough to warrant discontinuation of

intensive care services but do not present with oral-motor coordination equivalent to that
of term infants.
Preterm infants with poor feeding skills may present with symptoms consistent
with Failure to Thrive (FTT).

LBW and prematurity are two risk factors for FTT

(Homan, 2016). Childhood FTT is a group of symptoms characterized by inadequate
weight gain over a period of time and weight below the 5th percentile for corrected age
(Homan, 2016; Shah, 2002). FTT is often identified in children under 24 months old.
Evidence-based practice encourages the use of a multidisciplinary team – which includes
a SLP and OT - to address the complexity of FTT (Homan, 2016; Shah, 2002). In rare
occasions, or when outpatient interventions have failed, hospitalization for FTT is
warranted.
The make-up of the interprofessional team may vary in each NICU but often
includes a neonatologist, physician assistant, nurse practitioner, physical therapist (PT),
occupational therapist (OT), speech-language pathologist (SLP), child life specialist,
social worker, lactation consultant, nutritionist, and/or psychologist (Barbosa, 2013,

41
Lipner and Huron, 2018). Barbosa (2013) explained that, “Regionalization of perinatal
services in the 1970s promoted the initiation and expansion of developmental services for
newborns and incorporated developmentally supportive care practices and the services of
rehabilitation professionals as integral aspects of the multidisciplinary team in the NICU
(p. 5).” Developmentalists (i.e., PT, OT, SLP) collaborate closely with other NICU team
members to provide cluster care – a developmental care strategy to complete all
necessary and developmental tasks at the same time to increase sleep and growth and/or
decrease medically induced stress-, which helps the infant progress toward
developmentally appropriate fine motor, gross motor, sensory regulation, feeding, and
communication skills. Developmental care helps preterm and LBW infants move from
medically oriented NICUs to family and community-based early intervention systems,
which may improve outcomes (Barbosa, 2013).
Literature reveals there is very little information on outcomes for the neonatal
population (Escobar, et al., 2002, Sices, et al., 2007, and Vargas, et al., 2015). Empirical
investigation is needed to better understand how utilization of speech pathology (SLP)
and occupational therapy (OT) services are associated with subsequent health outcomes
in preterm infants with feeding disorders. Poor outcomes in premature and low-birth
weight babies may be because of variance in treatment models (Pittard, Laditka, and
Liditka, 2008).

Therefore, efficient and standard protocols, which require referrals

following discharge from the NICU, are appropriate to decrease hospital readmission
rates and/or the effects of comorbidities in this population. This study allows researchers
to examine service utilization and association with outcomes of premature babies with
feeding disorders.
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Method
Ethics Approval
The Institutional Review Board of the Medical University of South Carolina reviewed
this study protocol and approve it as “non-human subjects research” given the deidentified nature of the source of data.

Participants
We conducted a retrospective cohort study of the 2013-2015 Truven Market Scan
Medicaid Database for babies born in 2013 and 2014. These data represent complete
paid medical claims from 10 states for children enrolled in Medicaid. While the 10 states
are de-identified, Truven reported the states represent all geographic regions of the
United States. Truven maintains data validity and integrity with audits conducted to
assess and remove invalid diagnosis and procedure codes.
Patients were identified by using the International Classification of Diseases, 9th
Revision, Clinical Modification (ICD-9-CM) codes listed in Table 1.

Table 1. ICD-9 Codes used to Define Cohort and Outcome
Diagnosis
ICD-9 CM code
Less than 24 weeks completed gestation
765.21
24 completed weeks of gestation
765.22
25-26 completed weeks of gestation
765.23
27-28 completed weeks of gestations
765.24
29-30 completed weeks of gestation
765.25
31-32 completed weeks of gestations
765.26
33-34 completed weeks of gestations
765.27
35-36 completed weeks of gestation
765.28
Failure to thrive in child over 28 days
Failure to thrive in newborn

783.41
779.34
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Feeding problem in infant over 28 days/
Feeding difficulties and mismanagement
Feeding problem in newborn
Dysphagia, oral phase
Dysphagia, oropharyngeal phase

783.3

Diagnosis-Related Group
Outcome Identification
Failure to thrive in child over 28 days
Failure to thrive in newborn

791

779.31
787.21
787.22

783.41
779.34

The cohort was selected from claims data of 222,892 babies born in 2013 and 2014 who
had DRGs indicating a non-normal birth. Of these, a sample of n=16,882 babies had
indications of prematurity and feeding disorders during their birth hospitalization. Based
on exclusion criteria, 10,692 were ineligible for inclusion in the study cohort (Figure 1).
A final sample of 6,190 babies were included in our final cohort (Figure 1). Of these, 426
babies received one or more OT or SLP screening or treatments during their first 6
months after discharge from the NICU and 5,764 did not (Figure 1).
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Figure 1. Consort Diagram of Cohort Selection

Outcome Measures
The main outcome measure was the presence of a FTT diagnosis code used
during a hospital discharge six to eighteen months post NICU discharge (Table 1). Total
healthcare costs from birth to 18-months were also examined.
Variables
Patient-specific variables included gender, race (White, non-Hispanic; Black,
non-Hispanic), and birth hospitalization length of stay.

Procedure and Statistical Analysis
Descriptive statistics were used to describe differences in baseline characteristics
for babies with and without early SLP/OT therapy use. Categorical data were expressed
as the percentage and frequency of occurrence and differences were tested using chi-
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square tests. Continuous data were described using means and standard deviations and
tested using two sample t-tests.
A multiple logistic regression was used to estimate the association between early
SLP/OT use and readmission for (FTT) while controlling for baseline characteristics.
Effect sizes for hospital admission for FTT were reported as adjusted odds ratios.
Cost differences were estimated using Generalized Linear Models (GLMM) with
a Gamma distribution and a log link. Effect sizes for costs are expressed as 18-month
average per-patient adjusted direct billing costs in real 2013-2015 dollars.
The following baseline characteristics were used to control for confounders in all
models: neonate died or transferred to another facility (DRG 789), extreme immaturity or
respiratory distress syndrome, neonate (DRG 790), prematurity with major problems
(DRG 791), prematurity without major problems (DRG 792); sex; minority race; birth
hospital length of stay. Goodness of model fit was tested with the appropriate statistical
test depending on the regression model being performed. P-values were considered
statistically significant at α≤0.05 and all analyses were performed using SAS version 9.4
statistical software.

Results
Data for 6,190 Medicaid-enrolled premature babies with feeding disorders, who
were born from 2013-2014, were included in the final cohort and were examined for the
following demographics: gestational age, length of birth hospital stay, race, and sex
(Table 1).
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Seven percent of the patients received OT and/or SLP one to six months after NICU
discharge (Table 2). Two percent of patients received an occupational or speech therapy evaluation
and/or treatment. Additionally, 280 or five percent were evaluated or treated by either discipline
two or more times up to six times after discharge. Frequency analysis revealed minorities were less
likely to receive any therapy. Six percent of minorities received any therapy while 209 (8%) of
white patients in the treatment population received services. The percentage of males and females
receiving any therapy services was equal at 7%. Ninety-three percent did not receive any therapy
services during the treatment period.
Of the 426 infants who received any therapy services during the exposure period,
10% were admitted to the hospital with any charges for FTT six to eighteen months
following NICU discharge. Only 4% (242) of babies who did not receive therapy
services had a hospital admission for FTT. On average, babies receiving therapy services
were in the hospital at birth 13.63 days longer than babies not receiving these services
(p<0.001).

Table 2. Descriptive Characteristics of Preterm Infants with Feeding Disorders
Total
Received Any
Did not
Therapy
Receive
Therapy
N=6,190
N=426
N=5,764
N (%)
N (%)
N (%)
Gender
Male
3,370 (54.44)
235 (6.97)
3,135 (93.03)
Female
2,820 (45.56)
191 (6.77)
2,629 (93.23)
Race
2,601 (42.01)
209 (8.04)
2,392 (91.96)
Minorities
3,589 (57.98)
217 (6.05)
3,372 (93.95)
Any Hospitalizations for FTT
283 (4.57)
41 (9.62)
242 (4.20)
Mean (SD)
Mean (SD)
Mean (SD)
Length of Stay
19.07 (16.59) 31.76 (25.11) 18.13 (15.37)
(Birth Hospitalization – Days)

p-value

0.71

0.69

<0.0001
<0.0001
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Mean 18-Month Cost (US$)

42,538
(60,590)

85,575
(104,085)

39,357
(54,740)

<0.0001

In adjusted logistic regression analysis (Figure 2), babies who received any SLP
or OT treatment up to six months following NICU discharge had 92.5% higher odds of
hospital admission between six to eighteen months after NICU discharge with a diagnosis
of FTT (OR = 1.93; 95% CI 1.33 – 2.76) , while controlling for sex, birth length of stay,
minority race, and DRG. Babies who received only one therapy session had 26.3% higher
odds of admission, however this was not statistically significant (OR = 1.26; 95% CI 0.65
– 2.47) , while controlling for sex, birth length of stay, minority race, and DRG. Analysis
revealed 2.30 higher odds of hospital admission for FTT in babies who received two or
more SP and/or OT therapy sessions (OR = 2.30 95% CI 1.53 – 3.47), while controlling
for sex, birth length of stay, minority race, and DRG. Sex and minority race were not
statistically significant; however, birth hospital length of stay was.

Figure 2. Impact of OT and SLP Treatment on Hospital Admission for Failure to Thrive
Total mean 18-month cost was also estimated for the cohort in two models; one
for any SP/OT sessions versus none and a second model of two or more SP/OT visits
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versus greater than two, while controlling for one visit. The adjusted mean 18-month cost for
infants with feeding disorders who received any therapy was $57,129 (95% CI $53,200 – $61,348),
which was $5,125 greater than babies who received no SP/OT therapy (p-value <0.0001) (Table 3).
Eighteen-month costs for infants who received two or more therapy visits was a mean of $65,799
(95% CI $59,137 - $73,211), which was $21,710 greater (p-value<0.0001) than those not receiving
two or more therapy visits, while controlling for covariates and those receiving only one visit (Table
3).
Table 3. Adjusted 18-month Healthcare Costs
Adjusted Mean Cost
(95% CI)
Any Therapy
$57,129 (53,200 – 61,348)
No Therapy
2+ Therapy Sessions

$42,004 (40,949 - 43,086)
$65,799 (59,137 – 73,211)

18-month Cost
Difference
$5,125

p-value
<0.0001

$21,710

<0.0001

< 2 Therapy Sessions $44,089 (41,409 – 46,943)
*Model of two or more therapy sessions controlled for one therapy session, which was
not statistically significant (p=0.11).
Discussion
The current study used a large database of publicly-insured premature infants to
identify an association between SP and OT services for feeding disorders in premature
infants and admission for FTT six to eighteen months after NICU discharge. This study
was novel because it specifically looked at outcomes of premature infants with feeding
disorders.

Of the sample used, 7% presented with a feeding disorder, received an

evaluation, or one or more treatments to address their feeding deficits. Ten percent of the
babies who received therapy were admitted to the hospital with FTT while four percent of
children who did not receive therapy were hospitalized with FTT.

49
One possible explanation for the increased probability of hospitalization for FTT
and 18-month costs following a course of treatment by SP or OT is that the children who
received SP/OT treatment may have been a more severely ill group than children who did
not receive early outpatient SP/OT treatment. This explanation may be supported by the
fact that children who received SP/OT had a longer length of stay at birth or received
more therapy services Because this study was designed as an epidemiologic risk study,
the two groups may not be inherently comparable. Additional studies of comparison
groups who are more similar at baseline (discharge from birth hospitalization) using
quasi-experimental methods, such as propensity scoring, should be done in the future to
examine if early SP/OT treatment in similar cohorts of babies reduces the likelihood of
future hospitalizations for FTT.
This study has some limitations worth noting. First, administrative claims data
used for this analysis does not indicate whether SP or OT referrals were prescribed at
discharge but not carried out. Moreover, the data would not include receipt of SP or OT
services that were not billed to Medicaid. Qualitative studies have offered findings on
perceptions and lack of consensus in utilizing follow-up visits for all hospitalized
children (Sloan, Beck, Brunswick, et al., 2015; Sloan, Sherman, DeBlasio, Simmons et
al., 2016). These studies support some parents may have received referrals for therapy
services but did not initiate therapy with the SLP or OT. Therefore, further analysis is
warranted to identify protocols in referrals and utilization of ST and OT following NICU
discharge.
Second, while the current study accounted for number of SP and OT visits, it did
not account for quality of intervention or adherence to evidence-based practices. Further
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investigations are warranted on interventions to improve the health status of infants with
feeding disorders. Ongoing questions remain about evidence-based practice and national
protocols to improve health status and prevent hospitalizations for FTT.
Third, there are a number of characteristics not contained within Medicaid billing
data that may be associated with hospitalizations for FTT including maternal depression
and socioeconomic status (Puls, et al, 2016; Wright, Parkinson, and Drewett, 2006).
These variables should be considered in future prospective work due to their potential
explanatory value in the variation of health outcomes experienced by preterm infants with
feeding disorders.
Finally, study findings are limited to the sample enrolled in Medicaid from
deidentified states included in the database. Medicaid enrollment and capitated coverage
varies from state-to-state. As such, results on costs may not be generalizable to all states
and findings may not translate to infants covered by private insurance. Analyzing this
type of billing data, which are collected for research purposes, may contain coding errors
and inconsistencies across institutions and geographic areas.

While we analyzed

differences in number of visits (i.e., one visit versus two or more), final reports included a
cohort of infants who received any exposure to SP and OT services. Findings may vary
based on number of visits.
This study also has a number of important strengths. First, reports related to cost
add to the body of knowledge for this specific population. The mean total healthcare
costs of infants with feeding disorders was $57,129.

Researchers know infants

discharged from the NICU present with medical histories, which may be significant for
future hospital admissions and increased utilization of emergency services (Kuo, Berry,
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Hall, Lyle, et al. , 2017). Current findings support the need for further qualitative and
quantitative investigations to identify how to manage feeding disorders in this population
in order to improve health and reduce long-term costs.

Conclusion
Researchers have called for improved management of patients who access
healthcare most (Blumenthal, D., Chernof, B., Fulmer, et. al., 2016). National evidencebased protocols have increased vitality for premature babies. However, premature babies
remain costly to the healthcare system due to lifelong comorbidities. Based on the
analysis of administrative claims data from Truven MarketScan, two cohorts of
Medicaid-enrolled premature babies with feeding disorders were identified to examine if
ST and OT were associated with hospitalization for failure to thrive. Following
evaluation and/or treatment by ST or OT, there was a 92% increase in the probability of
hospitalization for FTT for infants who received any SP or OT services. Further analysis
is warranted to examine this question using causal methods since the comparison groups
may have been differentially severely ill at baseline. Additional work to develop or refine
national protocols and evidence-based service delivery models to prevent hospitalizations
and contain costs for preterm infants with feeding disorders is needed.
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APPENDIX A

The Frequency Procedure

Cumulative
OneTx Frequency Frequency
0

6044

6044

1

146

6190

Cumulative
Two_PlusTx Frequency Frequency
0

5910

5910

1

280

6190

IndexDRG Frequency

Cumulative
Frequency

789

357

357

790

2171

2528

791

1813

4341

792

1849

6190
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MinRace Frequency

Cumulative
Frequency

0

2601

2601

1

3589

6190

Male Frequency

Cumulative
Frequency

0

2820

2820

1

3370

6190

Table of IndexDRG by Any_tx
IndexDRG
Frequency
Row Pct
Col Pct

Total

Any_tx

0

1

Total

789

311
87.11
5.40

46
12.89
10.80

357

790

1968
90.65
34.14

203
9.35
47.65

2171

791

1699
93.71
29.48

114
6.29
26.76

1813

792

1786
96.59
30.99

63
3.41
14.79

1849

5764

426

6190
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Table of MinRace by Any_tx
MinRace

Any_tx

Frequency
Row Pct
Col Pct

0

1

Total

0

2392
91.96
41.50

209
8.04
49.06

2601

1

3372
93.95
58.50

217
6.05
50.94

3589

5764

426

6190

Total

Table of Male by Any_tx
Male

Any_tx

Frequency
Row Pct
Col Pct

Total

0

1 Total

0

2629
191
93.23 6.77
45.61 44.84

2820

1

3135
235
93.03 6.97
54.39 55.16

3370

5764

6190

426
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Table of AnyHosp by Any_tx
AnyHosp

Any_tx

Frequency
Col Pct

Total

0

1

Total

0

5522
95.80

385
90.38

5907

1

242
4.20

41
9.62

283

5764

426

6190

Statistics for Table of Any
Hospitalization by Any_treatment

Statistic

DF

Value

Prob

Chi-Square

1 26.768 <.000
3
1

Likelihood Ratio Chi-Square

1 21.043 <.000
6
1

Continuity Adj. Chi-Square

1 25.539 <.000
1
1

Mantel-Haenszel Chi-Square

1 26.764 <.000
0
1

Phi Coefficient

0.0658

Contingency Coefficient

0.0656

Cramer's V

0.0658
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Fisher's Exact Test
Cell (1,1) Frequency (F)

5522

Left-sided Pr <= F

1.000
0

Right-sided Pr >= F

<.000
1

Table Probability (P)

<.000
1

Two-sided Pr <= P

<.000
1

Sample Size = 6190
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The MEANS Procedure

Analysis Variable : IndexLOS
N Mean Std Dev Minimum Maximum

619 19.07
0

16.59

1.00

149.00

Analysis Variable : IndexLOS
N
Any_tx Obs

N Mean Std Dev Minimum Maximum

0 576 576 18.13
4
4

15.37

1.00

149.00

1 426 426 31.76

25.11

1.00

144.00
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The LOGISTIC Procedure

Model Information
Data Set

C.ALALYTICAL
FTT

Response Variable

AnyHosp

Number of Response Levels

2

Model

binary logit

Optimization Technique

Fisher's scoring

Number of Observations Read 619

0
Number of Observations Used 619

0
Response Profile
Ordered
Value

Total
AnyHosp Frequency

1

1

283

2

0

5907

Probability modeled is Any
Hospitalization=1.
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Class Level Information
Class

Value

Design
Variables

IndexDRG 789

1

0

0

790

0

1

0

791

0

0

1

792

-1 -1 -1

Model Convergence Status

Convergence criterion (GCONV=1E-8)
satisfied.

Model Fit Statistics
Intercept
Intercept
and
Criterion
Only Covariates
AIC

2301.10
8

2270.938

SC

2307.83
8

2331.514

-2 Log L

2299.10
8

2252.938

Testing Global Null Hypothesis: BETA=0
Test

Chi-Square DF Pr > ChiSq

Likelihood Ratio

46.1693

8

<.0001

Score

58.8206

8

<.0001

Wald

54.6385

8

<.0001
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Type 3 Analysis of Effects
Wald
DF Chi-Square Pr > ChiSq

Effect
OneTx

1

0.4657

0.4950

Two_PlusTx

1

15.8874

<.0001

IndexDRG

3

5.2278

0.1559

IndexLOS

1

14.8800

0.0001

MinRace

1

0.1501

0.6985

Male

1

0.1321

0.7162

Analysis of Maximum Likelihood Estimates
Parameter

DF Estimate

Standard
Wald
Error Chi-Square Pr > ChiSq

Intercept

1 -3.3516

0.1435

545.7261

<.0001

OneTx

1

0.2334

0.3421

0.4657

0.4950

Two_PlusTx

1

0.8348

0.2094

15.8874

<.0001

IndexDRG

789

1

0.3501

0.1681

4.3379

0.0373

IndexDRG

790

1 -0.0269

0.1085

0.0614

0.8044

IndexDRG

791

1 -0.1887

0.1126

2.8091

0.0937

IndexLOS

1

0.0126

0.00327

14.8800

0.0001

MinRace

1

0.0483

0.1247

0.1501

0.6985

Male

1

0.0448

0.1234

0.1321

0.7162
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Odds Ratio Estimates
Point
Estimate

Effect

95% Wald
Confidence Limits

OneTx

1.263

0.646

2.469

Two_PlusTx

2.304

1.529

3.474

IndexDRG 789 vs 792

1.624

1.000

2.637

IndexDRG 790 vs 792

1.114

0.796

1.559

IndexDRG 791 vs 792

0.947

0.673

1.333

IndexLOS

1.013

1.006

1.019

MinRace

1.049

0.822

1.340

Male

1.046

0.821

1.332

Association of Predicted Probabilities and
Observed Responses
Percent Concordant

59.9 Somers' D 0.20
0

Percent Discordant

39.9 Gamma

0.20
1

0.2 Tau-a

0.01
7

Percent Tied
Pairs

16716 c
81

0.60
0
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Model Information
Data Set

C.ALALYTICAL
FTT

Response Variable

AnyHosp

Number of Response Levels 2
Model

binary logit

Optimization Technique

Fisher's scoring

Number of Observations Read

619
0

Number of Observations Used

619
0

Response Profile
Ordered
Total
Value AnyHosp Frequency
1 1

283

2 0

5907

Probability modeled is Any
Hospitalization =1.

Class Level Information
Class

Value

Design
Variables

IndexDRG 789

1

0

0

790

0

1

0

791

0

0

1

792

-1 -1 -1

74

Model Convergence Status

Convergence criterion (GCONV=1E-8)
satisfied.

Model Fit Statistics
Intercept
Intercept
and
Criterion
Only Covariates
AIC

2301.10
8

2267.820

SC

2307.83
8

2308.205

-2 Log L

2299.10
8

2255.820

Testing Global Null Hypothesis: BETA=0
Test

Chi-Square DF Pr > ChiSq

Likelihood Ratio

43.2871

5

<.0001

Score

53.9773

5

<.0001

Wald

50.7931

5

<.0001

Type 3 Analysis of Effects
Effect

Wald
DF Chi-Square Pr > ChiSq

Any_tx

1

12.2825

0.0005

IndexDRG

3

5.2996

0.1511

IndexLOS

1

14.5967

0.0001
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Analysis of Maximum Likelihood Estimates
Parameter

Standard
Wald
DF Estimate
Error Chi-Square Pr > ChiSq

Intercept

1 -3.2936

0.0990 1106.6086

<.0001

Any_tx

1

0.6521

0.1861

12.2825

0.0005

IndexDRG 789

1

0.3562

0.1679

4.5038

0.0338

IndexDRG 790

1 -0.0339

0.1081

0.0982

0.7540

IndexDRG 791

1 -0.1883

0.1125

2.8037

0.0940

IndexLOS

1

0.00327

14.5967

0.0001

0.0125

Odds Ratio Estimates
Effect

Point
Estimate

95% Wald
Confidence Limits

Any_tx

1.920

1.333

2.764

IndexDRG 789 vs 792

1.633

1.006

2.651

IndexDRG 790 vs 792

1.105

0.790

1.546

IndexDRG 791 vs 792

0.947

0.673

1.332

IndexLOS

1.013

1.006

1.019

76
Association of Predicted Probabilities and
Observed Responses
Percent Concordant

59.9 Somers' D 0.20
4

Percent Discordant

39.4 Gamma

0.20
6

0.7 Tau-a

0.01
8

Percent Tied
Pairs

16716 c
81

0.60
2

